In Brief
Inflammasomes were proposed to shape gut ecology based on dysbiosis in mutant mice versus non-littermate wild-types. Mamantopoulos et al. show that inflammasomes do not affect gut microbiota composition when controlling for non-genetic confounders. This finding dismisses the suggested role for inflammasomes in controlling host health through regulation of intestinal ecology.
INTRODUCTION
The microbial ecosystem inhabiting the gastrointestinal tract is of vital importance for host health. Shifts in intestinal microbial composition, termed dysbiosis, have been associated with multiple human inflammatory and metabolic disorders (Gilbert et al., 2016) . Understanding the mechanisms that underlie the development of dysbiosis is of fundamental importance for discriminating associations and causalities between the intestinal ecosystem and host immunity. While large-scale population studies indicate that multiple factors such as diet and medication contribute to shaping the intestinal human microbiome Zhernakova et al., 2016) , several recent studies demonstrated that host genetics also influence gut microbial ecology Goodrich et al., 2016; Turpin et al., 2016; Wang et al., 2016) . Genetic mouse models provide indispensable tools to investigate such host genetic effects on the commensal gut microbiota.
Inflammasomes are innate immunity signaling hubs in which apoptosis-associated speck-like protein containing a CARD (ASC) connects sensing of microbial patterns or cellular stress by particular nucleotide-binding domain, leucine-rich repeatcontaining proteins (NLRs) to caspase-1-mediated maturation of the interleukin-1b (IL-1b) and IL-18 cytokines. ASC-dependent inflammasomes were identified as a key immune axis regulating the intestinal microbiota, as the fecal microbiota of mice lacking ASC displayed dysbiosis when compared to that of non-littermate wild-type C57BL/6 animals (Elinav et al., 2011) . Because identical observations were made in mice lacking the NLR nucleotide-binding domain, leucine-rich and Pyrin containing 6 (Nlrp6), Nlrp6-and ASC-mediated inflammasome activation was proposed to shape the commensal gut microbiota composition (Elinav et al., 2011) . This notion was further reinforced by showing that adult ex-germ-free (ex-GF) Nlrp6-deficient mice developed dysbiosis as early as 3 weeks after conventionalization when compared with non-littermate ex-GF C57BL/6 mice that were simultaneously conventionalized (Levy et al., 2015) .
Importantly, genetically imposed dysbiosis resulting from ASC or Nlrp6 deficiency was held responsible for increasing host susceptibility to colon inflammation (Elinav et al., 2011) as well as hepatic steatosis and obesity (Henao-Mejia et al., 2012) . Based on this work, Nlrp6-and ASC-dependent inflammasome signaling is considered a critical host-encoded innate immune axis that shapes the gut microbiota composition and thereby regulates host immunity, suggesting that Nlrp6-ASC inflammasome deregulation may be a causal factor in eliciting dysbiosis-associated diseases.
Given that multiple non-genetic variables can affect the gut microbiota of genetically identical mice, adequate control of factors such as maternal inheritance and housing is instrumental to pinpointing host genetics-imposed control of gut microbiota dynamics within a given animal facility (Nguyen et al., 2015; Rausch et al., 2016; Rogers et al., 2014; Stappenbeck and Virgin, 2016; Ubeda et al., 2012) . To gain deeper insight of inflammasomemicrobiome crosstalk, instead of using non-littermate control animals and conventionalization procedures, we performed gut microbiota phylogenetic analyses on ex-GF and littermatecontrolled mice that were all allowed to shape their gut microbiota under physiological conditions after birth. The results of these extensive analyses dismiss a general causative role of Nlrp6-and ASC-dependent inflammasomes in shaping the gut microbiota composition, while illustrating the necessity for careful control in evaluating the impact of immunological circuits on the gut microbiota.
RESULTS

Gut Microbiota Variation between Separately Housed
Nlrp6
-/-and Non-littermate C57BL/6J Mice Is Defined
Mainly by Mother and Cage Covariates
We first investigated the influence of Nlrp6 deficiency on the gut microbiota in our SPF animal house by performing Illumina MiSeq 16S sequencing on fecal microbiota from non-littermate Nlrp6 À/À and C57BL/6J mice that were separately bred and housed for multiple generations ( Figure S1 ), similar to the experimental set-up used in previous studies (Elinav et al., 2011; Henao-Mejia et al., 2012) . Although these analyses did not confirm the previously reported shift in Prevotellaceae abundances ( Figure 1A ), several other bacterial taxa displayed statistically significant abundance differences between Nlrp6 À/À and C57BL/6J mice (Table S1 ). For instance, we observed increased Porphyromonodaceae and decreased Bacteroidaceae levels in Nlrp6 À/À feces, both of which have been suggested as fecal bacterial alterations induced by inflammasome deficiency (Figure 1B; Elinav et al., 2011; Henao-Mejia et al., 2012) . However, despite the quantitative alterations in these individual bacterial taxa, Nlrp6 À/À and C57BL/6J feces showed no difference in microbial species diversity ( Figure 1C ) and an unconstrained multivariate ordination (PCoA) of genera abundance profiles showed that the fecal microbiota populations did not cluster according to Nlrp6 genotype ( Figure 1D ; Adonis p value 0.232). These gut ecological analyses indicate that the Nlrp6 À/À mice in our animal facility did not display overall dysbiosis when compared to separately housed non-littermate C57BL/6J mice. Given the reported impact of Nlrp6 on the gut microbiota composition (Elinav et al., 2011 ; Henao-Mejia et al., 2012), we hypothesized that the wellknown effects of separate housing and different maternal inheritance on the gut microbiota (Stappenbeck and Virgin, 2016) could have concealed Nlrp6-imposed dysbiosis in our animal facility. We therefore stratified the respective mice according to their housing conditions or mothers for revealing these nongenetic contributions to the inter-individual genus abundance profile variation ( Figure 1D ). In order to evaluate the individual contributions of the genotype, mother, and cage variables in explaining the overall microbiota dissimilarity, we performed a distance-based redundancy analysis (db-RDA) on these gut ecological profiles. This analysis showed that together with Nlrp6 genotype, these additional co-variates explained 23.2% of the fecal microbiota variation ( Figure 1E ). However, only maternal inheritance (12.3%) and housing (8.9%) made statistically significant individual contributions to the inter-individual variation in the C57BL/6J and Nlrp6 À/À fecal microbiota communities ( Figure 1F ). In contrast, host genetic Nlrp6 status did not make a statistically significant contribution to this genus-level microbiota variation. In addition, when we performed multivariate linear modeling (MaAsLin) (Morgan et al., 2012 ) in order to de-confound for mother and cage co-variates, all associations between individual taxa alterations and host genotype in C57BL/6J and Nlrp6 À/À mice disappeared (Table S1) Figure S2 ).
Housing the respective genotypes in separate cages for 5 weeks (Illumina MiSeq 16S analysis at 8-9 weeks of age) did not result in differential amounts of fecal Prevotellaceae (Figure 2A ). Moreover, none of the differential representations of individual bacterial taxa previously observed in non-littermate C57BL/6J and Nlrp6 À/À mice were reproduced in these Nlrp6 +/+ , Nlrp6 +/À , and Nlrp6 À/À littermates ( Figure 2B ; Table S2 ). In addition, we did not observe differences in species diversity ( Figure 2C ) nor could we observe Nlrp6 genotype-dependent clustering of Nlrp6 +/+ , Nlrp6 +/À , and Nlrp6 À/À fecal microbiota communities ( Figure 2D ; Adonis p value 0.569). As these analyses indicated that 5 weeks of separation were not sufficient for the host Nlrp6 genetic status to influence the gut microbiota, we decided to perform an analogous Illumina MiSeq 16S analysis in which cohorts of Nlrp6 À/À and Nlrp6 +/+ littermates were weaned into separate cages and were then allowed to age until they reached 1 year of age. However, even this extensive period of physical separation did not result in Nlrp6 genotype-dependent gut microbiota alterations, as no differences were observed in any bacterial taxon (Figures 2E and 2F ; Table S2 ), species diversity ( Figure 2G ), or the overall genus-level ordination of fecal microbial composition ( Figure 2H ; Adonis p value 0.553). Interestingly, in both the short-and long-term littermate separation experiments, the contribution of the maternal inheritance to the gut microbiota variation was abolished (2.6% and 0.6%, respectively) ( Figure 2I ), presumably owing to the genetically uniform Nlrp6
+/À mothers in this experimental set-up. In contrast, housing the mice in different cages according to Nlrp6 genotype, thereby avoiding coprophagy-mediated microbiota levelling, resulted in cage contributions of 15.1% and 11.7% on the fecal microbiota variation in the 5 weeks and 1 year separate housing cohorts, respectively. Importantly however, these analyses failed to reveal a significant impact of Nlrp6 genotypes in neither shortnor long-term separately housed littermate cohorts (0% in both cases) ( Figure 2I ). Taken together, these results demonstrate that the host Nlrp6 genotype does not impact on the fecal microbiota composition of physically separated littermates. 
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(legend continued on next page)
Lifetime Separation of Littermates Fails to Induce Nlrp6-Driven Gut Microbiota Alterations or to Influence DSS Colitis Susceptibility The results presented above using separately housed littermates indicated that physical separation after weaning does not allow the host Nlrp6 genetic status to influence the gut microbiota. However, the Nlrp6-sufficient and -deficient littermates used in these fecal microbial profiling analyses inevitably spent a 3-week period of co-housing from birth until weaning. Because this pre-weaning period is an important time window for establishing the gut microbiota, a possibility remained that Nlrp6 imposes its effects mainly during this period of naturally shaping the gut microbiota. To evaluate this possibility, we designed an experimental set-up in which Nlrp6 À/À and Nlrp6 +/+ littermates were weaned into separate cages and were then used to set up homozygous breeding pairs. The resulting offspring mice, designated F2 Nlrp6 +/+ and F2 Nlrp6 À/À (second generation after physical separation), as such were granted the opportunity to shape their gut microbiota across a generation including the pre-weaning period ( Figure S3 ). Strikingly, however, Illumina MiSeq 16S analysis on feces from these F2 Nlrp6 +/+ and F2 Nlrp6 À/À mice did not display statistically significant differences in the abundances of any bacterial taxon, including Prevotellaceae, Bacteroidaceae, and Porhyromonodaceae (Figures 3A and 3B ; Table S3 ). Accordingly, no differences in species diversity could be observed ( Figure 3C ) and genus-level PCoA ordinations did not reveal genotype-related clustering of the F2 Nlrp6 À/À and F2 Nlrp6 +/+ fecal microbial communities ( Figure 3D ;
Adonis p value 0.077). Moreover, in this experimental set-up, the explanatory effect of the Nlrp6 genotype (5.44%) on the overall gut microbiota variation was not statistically significant and did not considerably exceed the mother (4.94%) or cage (4.22%) co-variate contributions ( Figure 3E ). Hence, these results show that even after separating distinct Nlrp6 genotypes across a generation, Nlrp6 deficiency does not lead to fecal microbial alterations and does not have a significant impact on the fecal microbiota variation. Nevertheless, to evaluate whether perhaps non-significant microbiota alterations in these F2 Nlrp6-deficient mice altered their colitis response, we next subjected the exact same F2 mice that were used above for the phylogenetic fecal microbiota analyses ( Figures 3A-3E Given the above failure to observe microbiota alterations in Nlrp6-deficient mice housed in our SPF vivarium, we extended our studies to mice lacking the inflammasome adaptor ASC (encoded by Pycard) in order to assess the impact of general inflammasome deficiency on the intestinal microbiota. For this purpose, we performed littermate-controlled microbiota profiling of mice in an independent SPF animal facility, in which Pycard
and Pycard À/À littermates were derived from a germ-free Pycard À/À ancestor to ensure that the gut microbiota originated solely from a single C57BL/6J female ( Figure S4 ). Littermates were weaned into separate cages according to their Pycard genotype, and fecal samples were collected after 8 and 15 weeks of physical separation (at 11 and 18 weeks of age, respectively) ( Figure S4 ). IonTorrent 16S fecal microbiota sequencing did not reveal statistically significant differences in the abundances of individual bacterial taxa between Pycard +/À and Pycard À/À littermates separated for 8 weeks (Figures 4A and 4B; Table S4 ). Furthermore, comparing fecal microbiota compositions showed no differences in a-diversity ( Figure 4C ) and did not reveal genotype-dependent b-diversity clustering ( Figure 4D ; Adonis p value 0.178) of Pycard +/À and Pycard À/À littermates. To exclude that the lack of ASC-dependent gut ecological effects was due to a too-short period of physical isolation, we sampled this cohort of littermates a second time at 15 weeks after separation. However, this prolonged period of separate housing also did not result in differential fecal abundances of any bacterial taxon (Table S4) , including the taxa that were found to differ between unrelated Nlrp6 À/À and C57BL/6J mice ( Figures 4E and 4F ).
Accordingly, bacterial species diversity was similar between both genotypes ( Figure 4G ) and genus-based ordination of the fecal microbial profiles did not reveal Pycard genotype-based clustering ( Figure 4H ; Adonis p value 0.861). Moreover, modeling the individual effect sizes of mother, cage, and genotype variables on the fecal microbiota variations in both the 8-weekand the 15-week-separated Pycard +/À and Pycard À/À littermates showed a statistically significant power only for housing (37.60% and 50.34%, respectively). In contrast, both the uniform Pycard +/À mothers and the Pycard +/À or Pycard À/À genotype did not confer significant contributions to the fecal microbiota variation of either the 8 weeks or the 15 weeks separately housed littermates ( Figure 4I ). Akin to our microbiota analyses in Nlrp6-deficient mice, these results demonstrate that host Pycard genetic status does not influence the composition of the fecal gut microbiota. Together, these results strongly argue against a generalized role for Nlrp6-and ASC-dependent inflammasomes in shaping the gut commensal microbiota composition in mice. 
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DISCUSSION
Significant fecal microbial alterations between Nlrp6-and ASCdeficient mice and non-littermate C57BL/6 mice were previously interpreted to suggest that Nlrp6-ASC inflammasome deficiency provokes dysbiosis, thereby raising the possibility that deregulated Nlrp6-ASC inflammasome signaling may causally underlie dysbiosis-associated disorders ( Figure S4 and Table S4. et al., 2012). In contrast, here we present parallel observations in two independently managed animal facilities indicating that Nlrp6-and ASC-dependent inflammasomes do not shape the commensal gut microbiota. First, thorough statistical analyses in non-littermate C57BL/6J and Nlrp6 À/À cohorts showed that the impacts of maternal inheritance as well as housing conditions on the gut microbiota were dominant over Nlrp6 genetics, implying that this previously used experimental set-up is not well suited for delineating host genetic contributions to the intestinal ecosystem. Second, optimizing the experimental strategy by using separately housed littermates or offspring thereof did not reveal changes in the gut microbiota composition provoked by either ASC or Nlrp6 deficiency. Our inability to observe Nlrp6-ASC host genetic effects on the fecal microbiota even after long-term physical littermate separation is remarkable, as Elinav et al. (2011) observed that 4 weeks of co-housing were sufficient for Nlrp6-deficient microbiota to transfer horizontally to a genetically non-permissive wild-type mouse. Moreover, Levy et al. (2015) observed that the fecal microbiota of ex-GF C57BL/6 and Nlrp6 À/À mice showed a phylogenetic separation as early as 3 weeks after conventionalization. These observations suggested a rapid host Nlrp6-ASC inflammasome impact on the gut microbiota. Interestingly, several reports studying the gut microbiota in other genetic mouse models demonstrated that host genetics require only little time to impact on gut ecology when using a littermate-controlled approach. For instance, studies using epithelial-specific toll-like receptor (TLR) 5-deficient mice, IL-33-deficient mice, and Card9-deficient mice showed that a post-weaning separation period of 4-6 weeks was sufficient for revealing host genetically imposed effects on the fecal microbiota composition of the respective knockout and wild-type littermates (Chassaing et al., 2014; Lamas et al., 2016; Malik et al., 2016) . However, in similar littermate-controlled experiments, we failed to observe such host genetic effects in ASC-and Nlrp6-deficient mice after 15 weeks and 1 year of separation, respectively. Despite the above studies showing that host genetic effects on the gut microbiota can be observed within a couple of weeks after weaning littermates, we considered the possibility that the Nlrp6-ASC inflammasome may require a generation to impose itself on the gut microbiota. However, fecal microbiota of offspring mice derived from separately housed Nlrp6 À/À and Nlrp6 +/+ littermates did not show any alterations, even though these F2 Nlrp6 À/À and F2 Nlrp6 +/+ mice had the opportunity to shape their gut microbiota in the pre-weaning phase in the absence of mice bearing other genotypes. Moreover, using these same F2 Nlrp6 À/À and F2 Nlrp6 +/+ mice immediately after fecal sampling for 16S analysis, we could not observe differential DSS colitis susceptibility. These correlating gut microbial phylogenetic and colitis phenotypic results show that Nlrp6 deficiency does not affect DSS colitis in conditions of similar fecal microbiota composition, and also suggest that the ultimate metabolic capacity of the gut microbial ecosystem in these lifetime-separated Nlrp6-deficient mice had not changed in a manner capable of influencing host colitis susceptibility.
Although we can only guess the reasons underlying the discrepant results obtained in our study and the studies by Flavell and co-workers, it is worth mentioning that in our study, including in the ex-GF approach used for the ASC-deficient mice, all mice were allowed to shape their gut microbiota in a natural way after birth. This physiologically relevant manner of gut microbial colonization may be one of the reasons underlying the discrepancy with the observation that colonization of adult GF mice results in differential gut microbial communities in ex-GF Nlrp6 À/À recipient mice when compared with non-littermate ex-GF C57BL/6 recipients (Levy et al., 2015) . In addition, it remains plausible that the ability of the Nlrp6-ASC inflammasome to exert its gut microbiota-altering effects depends on the nature of the microbiota found in the animal facility. For instance, particular intestinal microenvironments provoked by the presence of facility-specific inhabitants of the intestinal lumen, or by specific dietary components, may trigger Nlrp6-ASC-dependent activities that influence the gut microbiota. However, we made our observations in two independent animal facilities, in which mice were fed two different rodent chows (with 9% or 4% calories from fat). Moreover, in all of the studies reporting Nlrp6-ASCmediated fecal microbial alterations thus far, non-littermate C57BL/6 mice were used as control animals (Anand et al., 2012; Elinav et al., 2011; Henao-Mejia et al., 2012; Hu et al., 2013; Levy et al., 2015) . Our similar analyses here show that this approach is fuddled by mother and cage co-variates and therefore does not allow drawing definite conclusions about a host genetic influence on the gut microbiota within a given animal facility. Therefore, even though an animal facility-specific effect of Nlrp6-ASC in these studies remains possible, littermate-controlled experiments within these particular facility environments would be required to endorse putative effects of Nlrp6-ASC on the intestinal microbiota. Taken together, our littermate-controlled set ups provide gut microbial analyses in inflammasome-deficient mice that minimize non-genetic confounders. Although similarly controlled experiments in a bigger number of animal facilities would allow us to draw more generalizable conclusions, our inability to observe gut microbial shifts in Nlrp6-or ASC-deficient mice housed in two distinct animal facilities raises the suspicion that such prior observations (Elinav et al., 2011; Henao-Mejia et al., 2012) were not genetically imposed but rather represented legacy effects resulting from differential maternal inheritance and/or long-term separate housing. This would be in line with previous littermate-controlled studies contesting prior dysbiosis observations in several TLR-and NOD-deficient mice (Robertson et al., 2013; Ubeda et al., 2012) . Gut microbial alterations arising from such long-term vertical transmissions indeed are a common observation. For instance, the individual bacterial taxa abundance differences that we observed between unrelated C57BL/6J and Nlrp6 À/À mice in our animal facility also represent a legacy effect, as these differences could not be reproduced when using littermates and because MaAsLin analysis (Morgan et al., 2012) did not reveal statistically significant associations between these differences and the Nlrp6 genotype, once more confirming the limitations of using non-littermate mice for studying host-microbiota interactions. We hope our study will increase the awareness of the importance in experimental mouse research to minimize as well as to statistically define the influences of possible co-variates when analyzing host genetic effects on the gut microbiota. Identifying the mechanisms by which particular bacteria increase host disease susceptibility holds significant value for understanding how dysbiosis-regardless of how it originated-regulates host immunity. However, our study provides an example of how to disentangle host versus bacterial cause and consequence in such metagenomic observations, as also this will be of principal importance in understanding and interfering with dysbiosisassociated disorders (Stappenbeck and Virgin, 2016) .
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Detailed methods are provided in the online version of this paper and include the following: 
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EXPERIMENTAL MODEL AND SUBJECT DETAILS Mice
All animal experiments were approved by the local ethics committees (Ghent University and University of Bern) and conducted according to the guidelines of the Federation of European Laboratory Animal Science Associations (FELASA) and the Swiss Federal Veterinary Office guidelines, under the authorization of the Cantonal veterinary office of Canton Bern. Nlrp6 knock-out mice on a C57BL/6 background were previously described (Elinav et al., 2011) . The Nlrp6 À/À mice used in this study had been backcrossed to C57BL/6J for more than 10 generations (Anand et al., 2012) . Wild-type animals used for the Nlrp6 part of this study were C57BL/6J mice originally obtained from Charles River Laboratories and bred in-house for more than 10 generations. All mice used in the Nlrp6 part of this study were bred and housed in individually ventilated cages (IVC) in the same room of the same Specific Pathogen Free facility at Ghent University, were sex-and age-matched (8-9 week old females in Figure 1 , 8-9 week old females in Figure 2A -D, 46-59 week old females in Figure 2E -H, 8-9 week old females in Figure 3 ) and were fed autoclaved standard rodent feed (V1534-300, Ssniff, Soest, Germany) at libitum with free access to drinking water. Pycard knock-out mice were generated on a C57BL/6J background by Prof. J Tschopp and Ozgene and kindly provided by Prof. N. Fasel (University of Lausanne, Department of Biochemistry, Institute for Arthritis Research, Switzerland) (Drexler et al., 2012) . Pycard knock-out mice were rederived into germfree conditions by 2-cell embryo transfer into pseudopregnant germ-free recipient females at the Clean Mouse Facility, University of Bern and bred and maintained in flexible film isolators. Germ-free mice were routinely monitored by culture-dependent and independent methods and were additionally confirmed pathogen-free. A male GF Pycard knock-out was bred with a C57BL/6J female from an SPF C57BL/6J colony that was established at the University of Bern in April 2015 by embryo transfer of C57BL/6J mice followed by co-housing with an SOPF mouse. The ASC colony was then bred in-house to establish an SPF colony that was housed in Individually Ventilated Cages and fed with autoclaved standard rodent feed (Provimi Kliba 3437) at libitum with free access to drinking water. All mice used in the ASC part of this study were age-matched (from 8 to 15 weeks post-weaning), both females and males were used without observing differences between genders. In all experiments, up to 5 mice were housed per cage in a 12-h light-12-h dark cycle. Mice were assigned to experimental groups according to genotype.
METHOD DETAILS
Fecal samples collection and DNA extraction Fresh fecal pellets from mice in the Nlrp6 study were collected into sterile soil grinding SK38 2ml tubes (Bertin Technologies) containing zirconium beads, and from mice in the ASC study in sterile 2 mL Eppendorf tubes containing glass beads, for downstream fecal homogenization and microbial lysis. The collected fecal pellets were snap-frozen in liquid nitrogen, after which they were stored at À80 C until gDNA extraction. All fecal pellets within one experimental group of Nlrp6 or ASC mice were collected at the same time period. Fecal DNA was prepared using the QIAamp Fast DNA Stool Mini Kit (QIAGEN) according to the manufacturer's instructions. Briefly, fecal pellets were homogenized in 1 mL InhibitEX buffer by bead-beating using the PrecellysÒ24 (Bertin Technologies) for 2 3 30 s at 6500 rpm. After Proteinase K treatment, and in case of fecal pellets from mice in the ASC study an additional step of Lysozyme (Sigma-Aldrich) treatment, fecal DNA was ethanol-precipitated on to the column membrane and eluted in sterile water.
16S rDNA Illumina MiSeq sequencing
The microbiome analysis of Nlrp6 mice was performed according to the following protocol. Concentrations and purity of the isolated fecal DNA was evaluated by NanoDropÒ (Thermo Scientific) and samples were stored at 4 C during library preparation and at À20 C thereafter for longer storage. The V3/V4 region of 16S rRNA genes was amplified with high-fidelity Vent polymerase (NEB) from 25 ng of fecal DNA using the bacteria-specific 341F (TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG) and 785R (GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC) primers (Klindworth et al., 2013) . Thermal cycling consisted of an initial 3 min at 95 C denaturation step, followed by 25 cycles of 30 s denaturation at 95 C, 30 s annealing at 55 C and 30 s extension at 72 C. Final extension consisted of 5 min at 72 C. PCR products after the first round of amplification were purified after agarose gel electrophoresis by NucleoSpinÒ Gel and PCR Clean-up columns (Macherey Nagel). Fragment size was selected by cutting the $460 bp band from the agarose gel to reduce non-specific products of amplification. Purified amplicon concentration and purity was evaluated by NanoDropÒ (Thermo Scientific) as well as on the Agilent 2100 Bioanalyzer prior to proceeding to the second round of amplification. In order to limit amplification bias (Berry et al., 2011) , a second amplification round was performed on 3 ng of PCR amplicons following the Illumina 16S metagenomics library prep guide (#1504423 b) pg10, using the Nextera XT dual indexing primer and the Kapa HiFi mastermix. A PCR reaction of 8 cycles was performed. After a quBit-measurement and a quality control with BioAnalyzer High Sensitivity DNA chip (Agilent 5067-4626), the libraries were pooled equimolarly and 10 pM pool + 14% PHiX was loaded with a MiSeq600 v3 kit following the Denature and Dilute libraries guide for the MiSeq (15039740 Rev. D). Amplicons were sequenced in paired-end modus (PE275) using a MiSeq system (Illumina Inc.). 16S DNA from all samples used in this study (75 in total) were sequenced in the same 96-well plate in a single run.
Raw read files were demultiplexed with Illumina's MiSeq Reporter v2.5 software, using default settings. Low quality ends and adaptor sequences were trimmed off from the Illumina reads with FastX 0.0.13 (http://hannonlab.cshl.edu/fastx_toolkit/index. html) and Cutadapt 1.7.1 (Martin, 2011) . Using FastX 0.0.13 and ShortRead 1.16.3, we filtered subsequently small reads (length < 35 bp), polyA-reads (more than 90% of the bases equal A), ambiguous reads (containing N) and low quality reads (more than 50% of the bases < Q25) (Morgan et al., 2009) . With Bowtie2 v2.2.4 we identified and removed reads that mapped to the spikedin PhiX (Langmead and Salzberg, 2012) . Excluding control samples, the number of processed fragments (i.e., paired reads) per sample then varied between 20,449 and 272,486 (with an average of 63,287 reads per sample), while average length of single reads was > 287bp. Single forward and reverse reads were then paired using fastq-join in QIIME with Q phred score > 20 and a minimum overlap of 100bp. Library preparation and sequencing were performed by VIB Nucleomics Core (www.nucleomics.be).This 16S rDNA sequencing was performed on one (Figure 2 ) or two (Figure 1 and Figure 3 ) independent cohorts of animals.
16S rDNA IonTorrent sequencing
The microbiome analysis of ASC mice was performed according to the following protocol. Concentrations and purity of the isolated fecal DNA was evaluated by NanoDropÒ (Thermo Scientific) and samples were stored at 4 C during library preparation and at À20 C thereafter for longer storage. The V5/V6 region of 16S rRNA genes was amplified with Platinum Taq DNA polymerase (Invitrogen) from 100 ng of fecal DNA using a range of oligonucleotide primers specific for the domains V5 and V6 of rDNA bacteria. Specifically, all forward core primers have been modified by the addition of a PGM sequencing adaptor, a 'GT' spacer and unique barcode that allow up to 96 different barcodes. The expected product length is 290 bp (350 bp including adaptors and barcodes). The different bacteria-specific primers were: IT_16S_FWD barcoded (5 0 -CCATCTCATCCCTGCGTGTCTCCGACTCAGC-barcode-ATTAGATAC CCYGGTAGTCC-3 0 ) and IT_16S_REV_1 (5 0 -CCTCTCTATGGGCAGTCGGTGATACGAGCTGACGACARCCATG-3 0 ) (Li et al., 2015; Sundquist et al., 2007) . Thermal cycling consisted of an initial 5 min at 94 C denaturation step, followed by 35 cycles of 1 min denaturation at 94 C, 20 s annealing at 46 C and 30 s extension at 72 C. Final extension consisted of 7 min at 72 C. PCR products after the first round of amplification were purified after 1% agarose gel electrophoresis by Gel Extraction Kit (QIAGEN). Purified amplicon concentration and purity was evaluated by quBit 3.0 Fluorometer (Thermo Fisher) prior to proceeding to the library preparation. The libraries were pooled at 26pM. (Whiteley et al., 2012) . All these instruments are part of the equipment of the Next Generation Sequencing platform of the University of Bern. This sequencing was performed on two independent cohorts of animals.
Microbiome analysis
Using the QIIME pipeline (Caporaso et al., 2010) , paired sequences were de-replicated and de novo as well as reference-based chimeras were removed using UCHIME (Edgar et al., 2011) . Sequences from all samples were merged, sorted by abundance, and closed operational taxonomic unit (OTU) picking at a threshold of 97% similarity was performed using USEARCH v5.2.236 (Edgar, 2010) , followed by RDP classifier (Wang et al., 2007) against the Silva v1.19 database for a stringent taxonomic assignment with a confidence interval of 80%. From the OTU abundance matrix and their respective taxonomic classifications, feature abundance matrices were calculated at different taxonomic levels (genus to phylum). For estimation of species diversity within samples (a-diversity), the Shannon index was calculated using the R phyloseq package after rarefaction to even depth to the sample with the lowest number of sequences (Anderson and Willis, 2003) . For comparisons across samples (b-diversity) genus-level Bray-Curtis dissimilarities were determined using the R phyloseq package on profiles normalized by sampling depth.
DSS colitis
Age-and sex-matched F2 Nlrp6 À/À and F2 Nlrp6 +/+ mice were administered 2% DSS (36-50 kDa; MP Biomedicals) in their drinking water ad libitum for 7 consecutive days, followed by 2 days of normal drinking water. Weight loss, rectal bleeding and diarrhea were monitored daily. The appearance of blood in the stool was measured by Hemoccult tests (Beckman Coulter Inc.) and was given a score from 0 to 4, defined as follows: 0 for no blood; 2 for positive hemoccult; and 4 for gross bleeding. The severity of diarrhea was given a score from 0 to 4, defined as follows: 0 for well-formed pellets; 2 for pasty and semi-formed stools; and 4 for liquid stools. All clinical scorings were performed in a blinded fashion. Postmortem, the entire colon was removed from caecum to anus, and the colon length was measured as a marker for inflammation.
QUANTIFICATION AND STATISTICAL ANALYSIS
All statistical analyses were conducted on abundance matrices using R v.3.0.1. a-diversity variations as shown by Shannon indexes were compared by non-parametric Mann-Whitney U tests. b-diversity (Bray-Curtis genus-level community dissimilarities) between groups of hosts was compared using a non-parametric multidimensional ANOVA (Adonis test) using 999 permutations. A distancebased redundancy analysis (db-RDA) (Anderson and Willis, 2003) was used to determine the contribution of different variables to microbiota profiles variation. To compare abundances of individual bacterial taxa between experimental groups, non-parametric Mann-Whitney U tests were performed, with multiple testing correction (Benjamini-Hochberg false discovery rate correction) (Benjamini and Hochberg, 1995) . To identify significant taxon-covariate associations while de-confounding the effect of other covariates, boosted additive generalized linear models were performed between the taxon abundance matrix and the covariates using the MaAsLin R package (Morgan et al., 2012) with 5% significance level (after multiple testing correction) and an outlier cutoff of 0.005 for covariate pre-processing.
DATA AND SOFTWARE AVAILABILITY
The 16S rDNA sequencing data have been deposited in the NCBI Bioproject Database under the accession number https://www. ncbi.nlm.nih.gov/bioproject/?term=PRJNA390049.
